Featured Application: The technology developed in this work based on adsorption biodegradation processes that uses meltblown polypropylene (Pad Sentec™) as a biosorbent is effective for the elimination of hydrocarbon compounds in the treatment of industrial polluted wastewater. The quality of the water obtained will allow the reuse of the treated water for different purposes, such as fire defense systems, which will allow for the implementation of the circular economy policy in the companies using these technologies. In this sense, in order to study the influence of operational variables such as flow rate, aeration or process time, the scaling of the system at the pilot plant level is planned.
Introduction
The presence of hydrocarbons in waters is extremely common. On some occasions, this is due to accidental spills of a greater or lesser extent and on other occasions, this is due to constant leaks from the production, storage or transport areas. As a result, hydrocarbon contamination can be often detected in water. Hydrocarbons are compounds produced by a combination of hydrogen and carbon; many of them, such as the polycyclic aromatic hydrocarbons (PAH) or benzene, toluene, ethyl benzene and the three xylenes compounds BTEX, have toxic, mutagenic and carcinogenic properties [1] [2] [3] . Hydrocarbon water pollution is an environmental problem that affects aquatic ecosystems and species, as well as their by-products. Therefore, this type of pollution, which has a significant impact on human health and the environment, attracts considerable interest and is a cause for concern not only among the scientific community but also at the social and political level [4] . Thus, in order to maintain water quality, the search for cost-effective decontamination and cleaning techniques is needed.
Some physical remediation strategies involve the use of pollutant-absorbing sorbents. Various absorbent materials have been used for the removal of oils and grease from both wastewater and the surface of seawater. In general, they are hydrophobic materials and among those available on the market, polypropylene and polyethylene compounds stand out [5] . In this sense, Pintor et al. highlight the great interest in these sorbents for the removal of oils and greases basically due to the affinity for oil, hydrophobicity and durability and because they are generally cheap and do not cause toxic by-products [6] . However, because these systems create a subsequent waste management problem technically burdensome and economically costly, different authors have proposed the use of physical-bioremediation strategies in order to reduce economic cost and environmental risks [7, 8] .
There are different types of sorbent materials, with granular cork and meltblown polypropylene being the most important. Granular cork is a natural carrier that has demonstrated a noticeable biosorption property and is highly efficient in the removal of heavy metals and other organic pollutants such as polycyclic aromatic hydrocarbons (PAH). Granular cork is widely used as a hydrocarbon sorbent due to their high oil sorption capacity, low water retention and the possibility of reuse [9, 10] , while meltblown polypropylene is a synthetic carrier which has a high sorption capacity and is available in several physical and chemical resistant configurations; its low density, low water uptake and its excellent physical and chemical resistance are highlighted as the main properties to choose this sorbent for water oil recovery [11] .
The biological process of bioremediation removes the majority of environmental hydrocarbons through the action of microorganisms, which mineralize or convert organic compounds into less noxious and dangerous substances [12, 13] . The effectiveness of bioremediation is basically due to the fact that most hydrocarbons can be degraded by microorganisms and because the degrading native microbiota is rapidly and effectively enriched in any ecosystem after the arrival of the contaminant [14, 15] . The biodegradation potential of microorganisms isolated from oil-polluted sites is a consequence of a dynamic enrichment of degrader taxa together with a decrease in biodiversity [2, 14, 15] . Several authors have studied the use of microorganisms to break down petroleum products and have reported a wide range of degraders and how environmental factors such as available nutrients, the concentration of the contaminant, temperature, pH or salinity will influence the microbial activity and the diversity of the predominant microbial groups. In this sense, Röling et al. [7] reported the strong selection of bacteria from the Alcanivorax/Fundibacter groups (alkane degraders) observed during the bioremediation process in diesel-contaminated microcosms.
As microorganisms in large bodies of water can be diluted or washed away, their immobilization on a carrier could constitute an effective solution to this problem. In the biofilm, the microorganisms have a greater ability to survive, especially in periods of stress, since they are protected against environmental changes within the polysaccharide matrix, they have more accessibility to nutrients and above all, they establish microbial consortia with a wider range of metabolic activities that allow them to degrade a greater diversity of pollutants [16] . In addition, it has been reported that these microorganisms immobilized into the biofilms often enhance their hydrocarbon-degrading capacity [17] [18] [19] . Further, the distribution of the microbial community according to their physiological and metabolic characteristics is correlated with the gradients established along with the biofilm.
Recent studies have demonstrated that biofilm can be created on the surface of some high hydrocarbon sorption capacity materials [20] . The aim of this study was to develop an innovative treatment system for the remediation of hydrocarbon-polluted industrial wastewaters combining both absorption and biodegradation properties based on the use of biosorbent materials. The development of a new bio-sorbent system with a high retention capacity for hydrocarbons and derivatives as well as high adherence ability for degrading microorganisms, allows for the formation of biofilms with high degrading activity.
Materials and Methods

Description of Lab-Scale Plants
Hydrocarbon-polluted wastewater treatment was carried out in three parallel lab-scale plants. Each bioreactor was constructed with a 1 L glass graduated cylinder and filled with support material (33% of the bioreactor volume) ( Figure 1 ). Hydrocarbon-polluted industrial wastewater (25 L) was recirculated for 7 days through each bioreactor using a peristaltic pump (Watson Marlow) with a flow rate of 18 L/h and a hydraulic retention time (HRT) of 3 min 20 s at 20 • C and at pH of 6.7 controlled by pH electrode. A control assay was performed with an additional 1 L glass graduated cylinder without carrier working under the conditions above described. After operating for seven days, the carriers were deposited in three 500 mL capacity sterile containers (microcosms consisting on 500 mL covered glass beakers and in humid conditions), to evaluate the biotreatment of the sorbent carrier. The biotreatment of polluted sorbent wastes was performed in these microcosms under aerobic conditions for 8 months. The microcosms were periodically irrigated to keep adequate moisture content. All experiments were carried out in triplicate.
Filling Materials
Three different types of support material (Pad Sentec™, Senger Técnicas de Seguridad S.L., Madrid, Spain; CorkSorb™ 01025 ADENSA, Mérida (Badajoz) Spain; and Barrier Sentec™, Senger Técnicas de Seguridad S.L., Madrid, Spain) were used. These were chosen based on their microbial adherence and hydrocarbon-adsorption capacity. Details of these materials previously reported by Rodríguez-Calvo et al. [20] are provided in Table 1 . 
Sampling for Analytical Determination
In this study, water and support material samples from the bioreactors were analyzed. The industrial wastewater used in the experiments came from Compañía Logística de Hidrocarburos S.A. (CLH), located in Motril, Granada (Spain), specifically from oil-storage tanks. This wastewater was characterized by an average concentration of Biological Oxygen Demand at 5 days (BOD 5 ) of 320 mg O 2 /L and a Chemical Oxygen Demand (COD) of 887.53 mg O 2 /L. The measuring of these parameters was performed according to Standard Methods for the Examination of Waste and Wastewater [21] .
Water samples (100 mL) were collected from wastewater influent in each bioreactor before the start of the assays (initial time), from the effluent after the first recirculation cycle and on day 1, 3 and 7 of operations in order to determine hydrocarbon concentrations. Moreover, the concentrations of hydrocarbon retained in the support materials were measured at the end of the experiment (on day 7). All experiments were carried out in triplicate.
Once the support materials were extracted from the bioreactors at day 7 of operation and deposited in sterile containers, the biodegradation of the hydrocarbons retained and the number of culturable bacteria was studied for 8 months. All experiments were carried out in triplicate.
Quantification of Culturable Bacteria
The number of culturable aerobic bacteria present in the support materials during the biotreatment of the sorbent carrier carried out in the sterile containers was determined using the dilution-plate technique according to Rodríguez-Calvo et al. [20] .
Isolation and Identification of Bacterial Strains
Isolation and identification of bacterial strains were performed from the carrier samples obtained after 7 days of treatment by culture-dependent techniques. For that, ten-fold serial dilutions in sterile saline solution were performed from 1 g of each sample. A total of 0.1 mL of each dilution was spread on the Trypticase Soy Agar medium (TSA, Oxoid SA, Madrid, Spain) plate and incubated at 28 • C for 48 h. After the incubation time, different colonies were selected according to morphotypes features and the persistence in the replicates. Each colony was transferred to a new TSA plate. For long storage, glycerol cryo-tubes were prepared for pure cultures and kept at −20 • C and −80 • C. The phylogenetic identification of isolates was performed in the Area of Nucleic Acid of the instrumental techniques laboratory of the University of León (Spain). DNA isolation was performed using PrepMan™ Ultra (Applied Biosystems) for each selected isolation. The amplification of interesting genes was carried out by polymerase chain reaction (PCR) in 50 µL of reaction with DreamTaq DNA polymerase Kit (Thermo Scientific) from 1 µL of DNA and 20 pmol of each primer. The pairs of primers used were 27 F (5 -AGA GTTTGATCMTGGCTCAG-3 ) and 699R (5'-RGGGTTGCGCTCGTT-3 ) and BA-RF (5 -GAC GATCATYTWGGAAACCG-3 ) and BA-RR (5 -GGNGTYTCRATYGGACACAT-3 ).
Hydrocarbon Analysis
Total petroleum hydrocarbons (TPHs) were extracted from both water and carrier samples and were determined by gravimetric analysis as described elsewhere [22] , using a mixture of hexane:acetone 1:1 (v/v). In the case of the carriers' samples, they were previously sonicated for 10 min. The different hydrocarbon fractions were determined by gas chromatography/mass spectrometry as reported by Silva-Castro et al. [23] .
Ecotoxicity Test
The water samples' ecotoxicity was tested according to Zucconi et al. [24] , determining a cress seed (Lepidiumsativum L.) germination index (GI).
Scanning Electron Microscopy (SEM)
Support material samples, as previously described Rodríguez-Calvo et al. [20] , were taken from the carriers, fixed with glutaraldehyde (2.5% v/v) followed by three phosphate buffer saline PBS washed and dehydrated using ethanol solutions. The dry carrier samples were gold coated and examined by electron microscopy.
This analysis was performed using LEO 1430VP and LEO 1430VP microscopes equipped with an INCA350 EDX system in the Centre for Scientific Instrumentation of the University of Granada (Spain).
Statistical Analysis
Mean values and respective standard deviations were calculated for each set of water samples from the bioreactors and support material samples from each treatment. Statistically significant differences (p < 0.05) were determined by analysis of variance (ANOVA) and Tukey's test. All statistical analyses were carried out using SPSS (Statistical Package for the Social Sciences) software v.15.0.
Non-metric multidimensional scaling analysis (MDS) was used to determine the distances between the polluted water treatment and the carrier biotreatment phase. Biological and chemical data were transformed to log (x + 1) and used to analyze correlation matrices with similarity indices. The Euclidian model was used to compute optimal distances between treatments and filling materials. Principal component analysis (PCA) was used to highlight variation and bring out strong patterns in the parameters tested (degradation of TPH, hydrocarbon fractions concentration and indigenous microbiota) and the different support materials (Pad Sentec™, CorkSorb™ 01025 and Barrier Sentec™) using Primer software (PRIMER-E, vs. 6.0, Plymouth, UK).
Results and Discussion
Bioreactor Experiments
This study was focused on the development of a new technology for the treatment of industrial wastewater polluted with hydrocarbons based on adsorption biodegradation processes. The biosorbent materials need to have efficient hydrocarbon retention, be easy to handle, not be expensive and be available in the market. According to these properties, cork sorb and propylene fiber sorbents were selected as a carrier to build the bioreactor [9, 11] . Previously, the microcosm's assays demonstrated the ability of CorkSorb™ 01025, Pad Sentec™ and Barrier Sentec™ biosorbent to adhere to indigenous microorganisms from the polluted wastewater to the carriers' surface, making a stable biofilm [20] . In addition, it was observed that the higher the hydrocarbon content pollution was the more the microbiota adhered to the surface carrier, suggesting that the wastewater's indigenous microorganisms were tolerant of hydrocarbon pollution and could have a useful degrading capacity [20] .
These assays were performed in vertical flow bioreactors, inside of which, sorbent materials were installed, taking up the entire section of bioreactor. The wastewater was recirculating from the bottom to the top of the bioreactor and the efficiency of treatment was monitored in terms of hydrocarbon removal from polluted water and the formation of biofilms on the surface carrier.
When the industrial wastewater polluted with hydrocarbons was treated in the bioreactors, hydrocarbon content, regardless of the support material used, was almost totally removed. After 7 days, 92.6%, 97.5% and 94.5% of total petroleum hydrocarbons (TPHs) were removed from the bioreactor filled with Pad Sentec™, CorkSorb™ 01025 and Barrier Sentec™, respectively (Figure 2 ). Among them, the Pad Sentec™ bioreactor was the most efficient as the hydrocarbon removal was reached after the first cycle of recirculation. Table 2 shows the average of the initial hydrocarbon fractions concentration in the influent; while gas chromatography/Mass Spectrometry (GC/MS) analysis revealed that after one wastewater recirculation cycle, no hydrocarbon fraction was detected in the effluent. This suggests that, in the early stages of treatment, hydrocarbon removal was the result of a physical process of the support material combined with the microbial activity. In the case of the control assay, after 7 days of treatment there was a reduction in the TPH content by 20%, probably due to abiotic degradation processes. Results obtained demonstrate the high hydrocarbon retention capacity of the sorbent carriers employed. In addition, it can be suggested that this physical process was important at the beginning of the process but as the treatment was progressing, a biotransformation process was taking place in conjunction with hydrocarbon retention by the supporting material. In this sense, Bayat et al. [25] reported that the hydrocarbon absorption capacity of the meltblown polypropylene carriers was in the 7-9 g/g carrier range, with a higher amount of hydrocarbon in the water to be treated. However, we observed an absorption capacity of only 0.04 and 0.07 g/g carrier (53.2 and 109.4 mg/L water ) for Pad Sentec™ and Barrier Sentec™ carriers, respectively. Gravimetric determination of TPH showed that the hydrocarbon content in the outlet wastewater after 7 days of treatment was 35.0 and 30.0 mg/L water , from 475.0 and 550.0 mg/L water in the inlet wastewater using Pad Sentec™ and Barrier Sentec™ carriers, which means a theoretical removal of 440.0 and 520.0 mg/L water . This suggests that a share of the remaining amount of hydrocarbon was biodegraded in water and the other one was retained by the carriers and subsequently degraded by the biomass developed in the bioreactor and obviously not detected in the effluents or in the carriers.
In the same way, some studies have also reported that the sorption capacity of hydrophobic cork carriers was found to be 8-10 g of pollutant per gram of carrier [26] . In our study, the hydrocarbon concentration detected in the hydrophobic cork carrier was found to be only 0.08 g/g carrier (64.4 mg/L water ) after the bioreactors had been operating for 7 days. In this case, water hydrocarbon content in the inlet wastewater was 526.0 mg/L water and after 7 days of treatment 107.7 mg/L water and therefore the theorical removal was 418.3 mg/L water , so we can consider our conclusion confirmed.
Determination of the hydrocarbon concentrations in the wastewater in the bioreactor after 7 days of treatment made it possible to verify the high removal capacity of the system (Figure 2) . This demonstrates how the support materials inside the bioreactors work as highly efficient submerged filters, which was previously highlighted by some authors [27] [28] [29] . It is important to note that wastewater hydrocarbon removal was not only estimated in terms of TPH values but also in relation to the different hydrocarbon fractions studied. Further, after 7 days, hydrocarbon removal concentrations in the bioreactors were much higher than those quantified in the support material, thus suggesting that a considerable number of hydrocarbons was efficiently biodegraded by suspended or fixed biomass.
The hydrocarbon sorption efficacy of these sorbent bioreactors was similar to those reported for other sorbents such as activated carbon, grafted cellulose and clay materials, studied under different experimental designs. However, the efficacy of the sorption is markedly influenced by the experimental conditions or the operational variables [30] . In the treatment system studied, the presence of the microorganisms inside these bioreactors improves the efficiency of the system, probably due to the shift of microbial population in response to the amount of hydrocarbon retained in the sorbent and to the variation of the hydrocarbon fraction composition. Previous results carried out in microcosms [20] suggested that hydrocarbon compounds adsorbed to the surface carrier would be used as a carbon and energy source by adhering indigenous microorganisms and consequently, support their growth and be a factor that facilitates the survival of a hydrocarbon-tolerant microbiota. For this reason, it is necessary that the carrier or the sorbent materials are firstly able to retain the hydrocarbon pollutants and secondly, they are able to build a stable and metabolically active microbiota tolerant to pollutants.
In order to obtain a more complete water analysis, an ecotoxicity test was performed. Zucconi et al. [24] reported that GI values ranged from 80 to 100 are indicative of non-toxicity and values from 50 to 80 are indicative of moderate toxicity. Results from the ecotoxicity test revealed that influent wastewater could be considered as water containing free-phytotoxic substances, with a GI index above 80. Certainly, GI in water samples after 7 recirculation cycles using Pad Sentec™, CorkSorb™ 01025 and Barrier Sentec™ was around 75-78, very close to 80, so we can assure that they are not toxic water samples (Table 3 ). There is not a statistically significant difference between the influent wastewater and the differently treated water samples. 
Biotreatment of Support Materials
After 7 days of bioreactor operation, the support materials with hydrocarbons absorbed were considered as waste materials; they were removed from the bioreactors and deposited in sterile containers at controlled temperature (28 • C), to determine hydrocarbon degradations after 7 days, 1 and 4 and 8 months of incubation. The results of this carrier biotreatment phase showed that microbial populations were able to remain steady or grow during the assays. For Pad Sentec™, the adhering microbial population was 5.5-6.5 Log (UFC mL −1 ) during the assays and at around 7.5 Log (UFC mL −1 ) for CorkSorb™ 01025. Microbial populations adhered to Barrier Sentec™ proliferated throughout the assay to reach 8.1 Log (UFC mL −1 ) at the end of the carrier biotreatment process (Figure 3) . These results indicate that microorganisms that adhered to the three different carriers become a stable biofilm characterized by hydrocarbon tolerance. Albareda et al. [31] and Ferreira and Castro [32] reported that cork was a suitable material as a carrier for inocula. This has also been demonstrated by Bartowsky and Henschke [33] , who verified the red wine spoilage sealed with natural cork closures by acetic acid bacteria. Several authors have also pointed out that meltblown polypropylene carriers are good candidates for bacterial adherence material [34] [35] [36] . Moreover, similar results to those of our study have been reported by several authors [37, 38] , who observed the development of stable biofilms in different support materials and verified their applicability to the treatment of wastewater polluted by hydrocarbons. Consequently, our results are in agreement with previous publications and suggest the biodegradative capacity of the biofilms detected in our study.
With regard to the removal of hydrocarbons absorbed by the Pad Sentec™ carrier during wastewater treatment, it was observed that an important reduction of the TPH concentrations during the 8 months of incubation in the support material was evident, however, the amount of TPH in the CorkSorb™ 01025 and Barrier Sentec™ support materials were not reduced during the experiments (Figure 4 ). Oil products are a complex mixture of hydrocarbons with different susceptibility to being degraded by microorganisms, for example, n-alkanes are more biodegradable than branched alkanes or polycyclic aromatics compounds. Consequently, the study of the changes in the concentrations of hydrocarbon fractions through a period of biotreatments can give information about the efficiency of the bioremediation treatment with regard to the completion of hydrocarbon removal. Figure 5A -C shows the hydrocarbon removal during the first month of biotreatments of Pad Sentec™, Barrier Sentec™ and CorkSorb™ 01025 carriers.
In Pad Sentec™ microcosms, the GC/MS analyses demonstrated that after one month of incubation of the support materials in sterile containers, the majority of the hydrocarbon fractions were almost completely removed, except for phytane and pristane. Figure 5A shows that during the first month of carrier treatment, alkanes C 10 -C 20 were almost totally degraded. This fraction has been considered by some authors as the most easily biodegradable fraction [23, [39] [40] [41] and can, therefore, be used as an accurate indicator of hydrocarbon degradation. In the same way, the increase of both branched hydrocarbons, phytane and pristane, is generally related to the biological hydrocarbon degradation.
After studying hydrocarbon degradation in the CorkSorb™ 01025 and Barrier Sentec™ support materials, TPH concentrations in the materials were not reduced during the experiments (Figure 4 ). However, GC/MS analysis showed that some hydrocarbon fractions were removed ( Figure 5B,C) , suggesting the biotransformation of some hydrocarbons, such as alkanes C 10 -C 20 , to other linear and/or branched alkanes, as it has been reported by other authors [42] . In addition, the n-C18 alkane/phytane (n-C18/Ph) index revealed microbial degradation of c18 alkenes (Table 4 ), suggesting the hydrocarbons biotransformation in support materials during the carrier biotreatment phase, especially in the Pad Sentec microcosms where these values decrease to 0.43 after one month of treatment. The linear alkanes are easier to uptake by microorganisms than branched alkanes, thus, the decrease in the value of the n-C18/Ph index is usually related to the first stage of the hydrocarbon microbial degradation [43, 44] . Evidence of hydrocarbon removal in industrial wastewater and the subsequent process of biotreatment in support materials highlight the extremely high efficiency of the bioreactors, especially when Pad Sentec™ was used. Consequently, the combination of absorption and biodegradation makes the technology used an effective system for removing hydrocarbons from polluted wastewater. Figure 6 shows, from SEM images, the adhesion of indigenous microbiota to different carriers. When the support materials were examined microscopically, the development of considerable biofilm biomass and the stability of microbiota adhering to the carrier surface were clearly evident, suggesting that this biomass can play an important role in hydrocarbon removal. Petroleum and its derivatives are composed of a complex mixture of hydrocarbons that vary depending on physical-chemical and biological environmental factors. There are a large number of hydrocarbon-degrading microorganisms described in the literature as a result of the wide range of scenarios studied [45, 46] .
As mentioned, the biodegradability of hydrocarbon fractions varies according to their complexity and the microbial population is modified and influenced by these changes and environmental conditions. In this sense, it has been seen that some microorganisms found in the biofilms of reactors to treat waters highly contaminated with hydrocarbons could be good candidates for study in biodegradation, due to the fact of being present and surviving in these environments [47] .
In this study, in order to have knowledge about the composition of the carrier's biofilm, an isolation of bacterial strains was performed at the beginning of biotreatment phase. Ten strains were selected as the predominant morphotypes and they were identified as Micrococcus aloeverae, Kocuriagwangalliensis, Brevibacterium casei, Gulosibacter molinativorax, Citricoccusz hacaiensis, Microbacterium sp., Microbacterium phyllosphaerae, Brevundimonas vesicularis, Brevundimonas diminuta and Microbacterium paraoxydans.
It is worth noting that some of these microorganisms, such as Brevundimonas, Gulosibacter or Kocuria, have been previously isolated from environments contaminated with hydrocarbons and they have also been described as biosurfactant producers. Biosurfactants increase the bioavailability of hydrocarbons and facilitate their biodegradation, so it is an important characteristic of the hydrocarbon-degrading microorganisms [48] [49] [50] . Accordingly, the isolated strains could be useful for building bacterial consortia capable of degrading complex mixtures of hydrocarbons and support the potential degradation capacity of biofilm formed in bioreactors [48] [49] [50] . Further, to determine the relationship between the biological and chemical parameters a multidimensional scaling (MDS) was performed to analyze the distribution of treatments (Figure 7) .
The initial conditions of each treatment were clustered in group I; this group showed a high distance from group II corresponding to the data of treated water and from group III, which includes the data of hydrocarbon concentrations absorbed on the carriers. The biological and chemical parameters used to compare the efficiency of polluted water treatments (group II) did not show a statistically significant difference among the treatments at the end of the assays. However, hydrocarbons adsorbed on carriers during the carrier biotreatment showed a high variability and dispersion of data sets (group III). Based on the results obtained from the non-metric multidimensional scaling analysis (MSD) correlation analysis, principal component analysis (PCA) was used to explain the variability observed in the samples of support materials from each treatment (Figure 8 ). The percentages of TPH and branched alkanes degradation were found to be the major factors explaining the variability in each one of the support material. The plot shows the clear link between the Pad Sentec™ carrier and the TPH degradation rate during the assay (circle II). On the other hand, the high degradation of the branched fraction was associated with the CorkSorb™ 01025 carrier after 120 days of treatment (circle I).
The difference between the CorkSorb™ 01025 and Pad Sentec™ carriers depends on the adsorption capacity and the accessibility to the carrier surface. In the case of CorkSorb™ 01025, the hydrophobic character is mainly responsible for the process of sorption of the hydrocarbon fractions, especially the branched ones and is due to its main components (lignin and polysaccharides) in the primary wall, however, the presence of cork waxes (aliphatic extracts) inside it hinders the absorption of other fractions. For this reason, the presence of biomass increases the accessibility of these contaminates through the cork cell wall [51] .
On the other hand, the Pad Sentec™ is a web of individual fibers that contains small pores that facilitate the transport of contaminated water and also retains the particles after absorption. The hydrocarbon retention depends on the porosity of the fiber; a higher porosity has a higher initial absorption but a low retention capacity. The hydrocarbon release rate can be reduced with thinner fibers [11] . In this study the retention capacity of hydrocarbons in the Pad Sentec™ was reduced by the formation of biofilm, increasing its yield.
Given the results for both phases in terms of the hydrocarbon reduction in water absorbed by carriers, as well as the evolution of the n-C18/Ph index, the Pad Sentec™ carrier was found to be the best option for treating hydrocarbon-polluted waters. In addition, the technology developed constitutes an effective system for the treatment of hydrocarbon-polluted waters which combines both absorption and biodegradation techniques.
Conclusions
The novelty of this technology is based on the selection of indigenous degraders based on their high hydrocarbon concentration on the carrier surface. The capacity of sorbent material to adhere to hydrocarbon pollutants on its surface acts as an enrichment technique for enhancing the ratio of degraders with respect to total microbiota. The treatment system studied is effective in the treatment of industrial wastewater contaminated with hydrocarbons. Corksorb and Pad Sentec™ hydrophobic sorbents allow the formation of a stable biofilm tolerant of high concentrations of hydrocarbons. 
